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We can effortlessly detect, classify and recognize objects by sight, touch or body sensory, even though each object is 
different in appearance. However, the mechanism underlying object recognition has not yet been fully understood. The 
mechanisms underlying object recognition can be investigated by comparing recognition successes with recognition 
failures. In the present study, we examined visual object recognition by manipulating object relations in multiple levels, 
such as flanking category, memory color, 3D depth scene and audio-visual crossmodality. 
Firstly, we addressed the violation effect of symbol type under crowding in chapter 2 in which we examined the spatial 
context effect at the high level of the visual processing. In daily life, we are often in complex scenes. In such complex 
scenes, our visual system is limited by crowding and nearby objects inhibit our recognition of target objects. In order to 
explore the mechanism underlying the crowding effects at the high level stage which remain unclear, we investigated the 
interaction between target and flanker composing of three category pairs constructed from difference symbol types (number 
vs number, number vs letter and number vs symbol), for a brief and long exposure time in experiment 1. Our result of 
critical spacing showed that as the category’s effect became stronger, the intensity of crowding was reduced in longer 
exposure time. Using the visual masking paradigm, we evaluated the category’s effect in experiment 2. We proposed that 
the crowding at the high-level processing first increased until the peak value at about 145 ms and then decreased with SOA, 
suggesting that the crowding at high-level is similar to middle level during a specific time window. 
Secondly, we addressed the violation effects of memory color and 3D depth scene in chapter 3 in which we examined 
the temporal context effect at the high level of the visual processing. When the positions of objects in the scene are disrupted 
and placed in a cluttered form, the recognition speed and accuracy of target objects are reduced. In order to explore the 
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mechanism underlying the violation effect, we investigated the influence of memory color, and 3d depth scene using the 
ERP and sLORETA method. The significant difference between valid and invalid stimuli was observed at 450ms in color 
condition and was observed at 200ms and 400ms in depth condition. The significant difference between valid and invalid 
stimuli was found in color (425-480ms, Sub-Gyral) and depth condition (180-250ms, IPL; 425-480ms, MFG) by using 
sLORETA analysis. The significant difference between valid and invalid stimuli was mediated at theta and beta band in 
color condition, alpha and beta band in depth condition by using time frequency analysis. The significant difference was 
mediated at inferior frontal gyrus (IFG) in theta band (4–7 Hz) and superior parietal lobule (SPL) in beta2 band (16.5–20 
Hz) under color condition. Violation effect occurred in different time window and different brain areas among memory 
color and 3d depth scene, suggesting that the violation of color memory and 3d depth scene are mediated by different brain 
mechanism. 
Finally, we addressed auditory-visual violation effect in chapter 4 in which we examined the temporal context effect at 
the high level of the auditory-visual crossmodal processing. Top-down modulation ability and cross-modal integration 
ability are both the important cognitive basis of compensation hypothesis. Recent studies related to cross-modal sensory 
integration have shown that the sounds facilitate visual object processing. However, little is known about the role of top-
down modulation in auditory-visual processing. In order to explore the mechanism underlying the crossmodal congruency 
effect, we investigated the influence of auditory-to-visual context using the ERP method and an auditory-to-visual priming 
paradigm. we examined the effect of naturalistic sound on visual object categorization in semantically auditory-to-visual 
congruent and incongruent conditions, we employed six animal sounds as prime stimuli and eighteen animal pictures (three 
pictures for each type of animal) as target stimuli in a visual object categorization task. Our result showed that the auditory 
to visual priming was similar to the visual to auditory priming about N400 effect, frontal lobe activation and the early stage 
gamma-band activity in the previous study. However, the auditory to visual priming was not similar to the visual to auditory 
priming about the occipital lobe activation, the significant differences of lateralization in left middle frontal gyrus (lMFG) 
and right superior frontal gyrus (rSFG), and the higher frequency-time window of gamma-band activity in the previous 
study. This finding is different from the finding for visual-to-auditory by Schneider et al. This implies that auditory-to-
visual crossmodal processing is different from visual-to-auditory processing. 
In additional, the N400 effect was strongly dependent on the difference of semantic size between prime-target pairs. The 
dependency could be accounted for by a hypothetical model in which the semantic information driven by the auditory 
prime and the information of the visual target may be integrated during visual object processing, suggesting that the 
congruency or incongruency between an auditory prime and a visual target may be mediated by the interaction of bottom-
up and top-down systems. 
 
 
